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I .  INTRODUCTION 


For  some  guns,  propelling  charges  can  be  made  from  propellants 
with  different  adiabatic  flame  temperatures  by  appropriately  adjusting 
charge  weight  and  web  size.  Experience  dictates  that  the  erosivity  of 
such  propelling  charges  with  the  same  internal  ballistics  is  propor¬ 
tional  to  the  propellant's  adiabatic  flame  temperature^.  The  charge 
designer  should  strive  to  use  the  propellant  with  the  lowest  flame 
temperature . 

Propellants  made  with  RDX  or  HMX  have  lower  flame  temperatures 
at  a  given  impetus  than  do  double-base,  nitrocellulose-nitroglycerine 
(NC-NG)  propellants,  or  triple-base,  nitrocellulose-nitroglycerine- 
nitroguanidine  (NQ)  propellants.  The  RDX  and  HMX  propellants,  denoted 
nitramine  propellants,  ought  to  be  less  erosive  than  conventional 
propellants.  The  wear  life  of  a  gun  barrel  could  be  increased  with  a 
nitramine  propellant  that  has  the  same  impetus  as  the  standard  propel¬ 
lant  but  with  a  correspondingly  lower  flame  temperature.  Alternately, 
one  could  increase  the  muzzle  velocity  of  a  gun  without  aggravating  the 
erosion  rate  using  a  higher  impetus  nitramine  propellant  with  a  flame 
temperature  comparable  to  the  standard  propellant. 

Prior  experiments  in  the  US  concluded  that  nitramine  propellants 
exhibited  higher  wear  rates  than  conventional  propel lants^”'^ .  To  verify 
this  anomaly  for  the  nitramine  propellants,  the  erosion  rate  was  measured 
for  a  nitramine  propellant  with  a  flame  temperature  of  3250K  and  an 
impetus  corresponding  to  an  NC-NG  propellant  with  a  flame  temperature 
of  3800K5.  The  experiment  concluded  that  the  wear  rate  with  the 
nitramine  propellant  was  less  than  the  wear  rate  with  the  NC-NG  propel¬ 
lant  with  the  same  flame  temperature. 

These  results  have  prompted  programs  to  formulate  nitramine 
propellants  to  replace  triple-base  M30-series  propellants,  the  propel¬ 
lants  in  the  top- zone  of  the  four,  fielded,  wear- limited  Army  cannons 
(105mm  M68,  155mm  M185  and  M199,  and  the  8-inch  M201) .  In  this  report. 


1.  J.R.  Wardj  "A  New  Initiative  in  Gun  Barret  Wear  and  Erosion" j  Pro¬ 
ceedings  of  the  Tri-Service  Gun  Barret  Erosion  Symposium^  Dover ^  NJj 
March  1977. 

2.  "Hypervetocity  Guns  and  the  Controt  of  Gun  Erosion",  Summary 
Technicat  Report  of  Division  I,  NDRC,  Vot.  I,  1946. 

3.  J.P.  Picard  and  R.L.  Trask,  "The  Effect  of  Propettant  Ingredient 
Functionat  Groups  on  Gun  Barret  Erosion  and  a  Search  for  More 
Effective  Additives  for  Reducing  Erosion" ,  Proceedings  of  the 
Intemationat  Symposium  on  Gun  Propettants,  Picatinny  Arsenat, 
October  1973. 

4.  E.F.  Bozza,  B.  A.  Lehman,  and  R.P.  Baumann,  "High-Force,  Lcw-Ftame 
Temperature,  Nitramine  Fitted  Propettants" ,  ibid. 

5.  R.W.  Geene,  J.  R.  Ward,  T.L.  Brosseau,  A.  Niiter,  R.  Birkmire,  and 
J.J.  Rocchio,  "Erosivity  of  a  Nitramine  Propettant" ,  Proceedings 
of  the  1978  JANNAF  Proputsion  Meeting,  CPIA,  February  1978. 
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the  erosivity  of  a  nitramine  propellant  with  a  flame  temperature 
comparable  to  M30  was  measured  in  the  37mm  blowout  chamber.  The  results 
from  this  test  series  are  also  analyzed  with  the  earlier  experiments 
to  compare  nitramine  propellant  erositivity  with  standard  Army  propel¬ 
lants  . 


II.  EXPERIMENTAL 

The  erosion  experiments  were  conducted  in  the  blowout  chamber, 
depicted  in  Figure  1,  which  was  made  from  the  breech  and  chamber  of  a 
37mm  gun.  A  steel  nozzle  made  with  AISI  4140  gun  steel  sits  at  the 
mouth  of  the  cartridge  case.  Mild-steel  shear  disks  are  placed  down¬ 
stream  of  the  nozzle.  The  shear  disks  are  held  against  the  back  of  the 
nozzle  with  a  steel  spacer  which  also  has  a  rubber  0-ring  seal.  This 
erosion  apparatus  has  been  in  use  at  the  Ballistic  Research  Laboratory 
(BRL)  since  the  Second  World  War.  Most  of  the  early  experiments  at  BRL 
did  not  use  the  shear  disks,  since  experiments  were  designed  to  simulate 
erosion  over  recoilless-rifle  nozzles®"^^.  The  shear  disks  have  been 
used  exclusively  with  later  erosion  experiments  within  the 
Laboratory^  >14,15^ 

The  nozzle  is  shown  in  Figure  2.  This  nozzle  shape  evolved  from 
the  early  BRL  experiments  wherein  the  nozzle  was  cylindrical  at  the 
commencement  of  testing,  but  gradually  eroded  to  the  shape  in  Figure  2. 


6.  J.H.  Wi-egandj  "Erosion  in  Vent  Plugs''^  BRL  Report  No.  520j 
January  1945. 

7 .  J.H.  Niegand,  "Erosion  in  Vent  Plugs-II" ^  BRL  Report  No. 

January  1946. 

8.  S.  Breitbartj  "On  Erosion  of  Dry  Pressed  Ceramio  Materials  by 
Powder  Gases''^  BRL  Memorandum  Report  No.  482^  Beptember  1949. 

9.  S.  Breitbartj  "On  Erosion  of  Hot  Pressed  Ceramio  Materials  by 
Powder  Gases"j  BRL  Memorandum  Report  No.  498j  October  1949. 

10.  S.  Breitbartj  "On  the  Erosion  of  Metallic  Nozzles  by  Powder  Gases''^ 
BRL  Memorandum  Report  No.  523^  April  1951.  (AD  #802148) 

11.  E.R.  Weiner j  "The  Development  of  Surface  Roughness  in  Gun  and 
Vent  Bores"j  BRL  Report  No.  904,  April  1954.  (AD  #39333) 

12.  G.E.  Dieter  and  J.R.  Rink,  "A  Metallivrgioal  Analysis  of  Erosion  in 
Steel  Vents",  BRL  Report  No.  941,  July  1955.  (AD  #75860) 

13.  R.N.  Jones  and  E.R.  Weiner,  "Experiments  on  the  Erosion  of  Steel 
by  Propellant  Gases  Using  the  Vent  Technique" ,  BRL  Report  No.  1012, 
March  1957.  (AD  #135307) 

14.  A.  Niiler,  J.E.  Youngblood,  S.E.  Caldwell,  and  T.J.  Rock,  "An 
Accelerator  Technique  for  the  Study  of  Ballistic  Surfaces",  BRL 
Report  No.  1815,  August  1975.  (AD  #A016899) 

15.  M.A.  Schroeder  and  M.  Inatome,  "The  Relationship  Between  Chemical 
Composition  and  Wear-Reducing  Effectiveness  of  Some  Laminar 
Additives  for  Gun  Propellants:  Polyvinyltetrazole" ,  BRL  Memorandum 
Report  No.  2512,  August  1975.  (AD  #B007029L) 
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Figure  1.  37mm  Vented  Chamber. 
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The  mass  loss/shot  was,  therefore,  higher  than  the  mass  loss/shot 
measured  after  the  nozzle  assumed  the  shape  in  Figure  2.  Thereafter, 
mass  loss/shot  was  reproducible. 

Following  each  shot,  the  steel  nozzle  was  cleaned  with  soap  and 
water,  dried,  and  weighed  on  a  Sartorius  Model  2462  microbalance  which 
has  a  sensitivity  of  0.1  mg. 

The  pressure  in  the  blowout  chamber  was  measured  with  a  BRL  Minihat 

gage. 


The  propellants  were  ignited  with  an  M1B1A2  percussion  primer 
containing  6.5  g  of  black  powder. 

The  chemical  compositions,  dimensions,  and  thermochemical  properties 
of  the  nitramine  propellant  and  the  other  propellants  evaluated  in  the 
previous  nitramine  erosion  study  are  listed  in  Table  I.  The  inclusion 
of  M8,  Ml,  and  the  high-force  nitramine  propellant  denoted  HFP  was 
made  to  facilitate  discussion  of  the  present  test  results  with  the 
results  in  reference  5. 

Initial  firings  were  performed  with  M5  propellant  to  insure  proper 
functioning  of  the  equipment  prior  to  firing  the  nitramine  propellant 
of  which  there  was  a  limited  supply. 


III.  RESULTS 

Figures  3  and  4  depict  the  chamber  pressure-time  curve  for  M5, 

M30,  and  the  nitramine  propellant.  The  results  from  the  firings  are 
listed  in  Table  II.  The  mean  mass  loss/shot  and  standard  deviation  are 
presented  in  Table  III.  By  inspection,  one  sees  that  the  mass  losses 
are  equivalent  for  NT-6396  and  M30  which  means  NT-6396  could  be  substi¬ 
tuted  for  M30  with  no  great  increase  in  barrel  wear  expected.  The 
percent  increase  in  muzzle  velocity  that  can  be  achieved  by  substituting 
NT-6396  for  M30  is  approximately  equal  to  the  square  root  of  the  ratio 
of  the  propellant  impetus^^.  From  the  values  in  Table  I,  this  trans¬ 
lates  to  a  1.5  percent  increase  in  muzzle  velocity  by  replacing  M30 
with  NT-6396.  Such  an  increase  in  muzzle  velocity  could  be  important 
in  tank  cannon  firing  high-velocity,  low-drag,  armor-piercing  penetrators 
where  a  small  change  in  muzzle  velocity  can  significantly  increase  the 
penetrator's  effective  range. 

In  order  to  see  how  the  results  from  this  test  series  complement 
data  taken  in  the  first  nitramine  tests.  Table  IV  summarizes  all  the 
data  acquired.  The  main  conclusion  is  that  the  two  nitramine  propellants 
are  no  more  erosive  than  standard  propellants.  Compared  with  double- 


16.  J.  Comer 3  Theory  of  the  Interior  BdlUstios  of  Guns^  New  York^ 
Witey  and  Sons 3  Ino.3  1950. 
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TABLE  I.  Compositions,  Thermocheraical  Properties,  and  Grain  Dimensions  of  Propellants 

Fired  in  the  Nitramine  Erosion  Tests 
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TABLE  I.  Compositions,  Thermochemical  Properties,  and  Grain  Dimensions  of  Propellants 

Fired  in  the  Nitramine  Erosion  Tests  (Cont'd) 
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Grain  Geometry  7  Perf  Strip  7  Perf 


Figure  3. 


M5  (Round  11) 


M30  (Round  17) 

Sample  Pressure-Time  Curves.  Y-Axis  Units  69  MPa/Division; 
X-Axis  2  ms /Division. 
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NT-6396  (Round  32) 


Figure  4.  Sample  Pressure-Time  Curve.  Y-Axis  Units  69  MPa/Division 

X-Axis  2  ms/Division. 
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TABLE  II.  Mass  Loss  of  Nozzle  31  ^  Shot  Number  at  248  MPa  Rupture  Pressure 
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TABLE  III.  Summary  of  Mass  Loss  Measurements  on  Nozzle  31 
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TABLE  IV.  Summary  of  Mass  Loss/Shot  for  the  Propellants  Tested  in  the  Nitramine  Propellant 

Erosivity  Program 
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'Propellant  Flame  Temperature 


TABLE  IV..  Summary  of  Mass  Loss/Shot  for  the  Propellants  Tested  in  the  Nitramine  Propellant 

Erosivity  Program  (Cont'd) 
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base  propellants,  the  nitramine  propellants  appear  much  less  erosive 
for  a  given  flame  temperature. 

To  illustrate  trends  and  to  see  how  the  nitramine  propellants  fit 
into  such  trends,  Figures  5-9  were  constructed  in  which  mass  loss/shot 
was  plotted  against  rupture  pressure.  Smooth  curves  were  drawn  through 
the  data  points.  One  sees  the  mass  loss/shot  increases  at  higher 
rupture  pressures  and  propellant  mass. 

Figures  5-9  for  the  individual  propellants  also  serve  to  show 
the  precision  of  the  erosion  of  steel  by  the  combustion  gases.  The 
standard  deviation  of  the  mean  for  the  propellants  in  which  at  least 
ten  shots  were  fired  is  tabulated  with  the  corresponding  mean  mass 
losses  in  Table  V.  One  sees  the  standard  deviations  are  all  in 
excess  of  twenty  percent  of  the  mean  mass  loss/shot. 

TABLE  V.  Standard  Deviation  of  Mass  Loss  Measurements 


Propellant 

Number  of  Shots 

Mean  Mass  Loss, 
mg/shot ■ 

Std.  Deviation 
mg/shot 

Percent 

Ml 

12 

1.5 

0.6 

40 

M30 

12 

2.9 

0.9 

31 

NT-6396 

10 

2.4 

0.9 

38 

M5 

12 

5.0 

1.7 

34 

HFP 

12 

3.1 

1.0 

32 

M8 

12 

17.7 

4.2 

24 

This  level  of  precision  must  be  kept  in  mind  when  comparing  relative 
propellant  erosivity.  For  example,  the  mass  loss/shot  of  M30  was  higher 
at  193  MPa  than  248  MPa.  In  Figure  6,  it  appears  this  discrepancy  is 
caused  by  the  precision  of  the  experiment.  When  one  uses  the  smooth 
curve  drawn  through  all  the  M30  data,  one  sees  that  the  erosivity  of 
M30  at  193  MPa  is  less  than  that  for  HFP  at  193  MPa.  The  seemingly 
high  wear  rate  for  M30  at  193  MPa  may  have  suggested  that  HFP  was  no 
more  erosive  than  M30,  a  surprising  conclusion  since  the  flame  tempera¬ 
tures  of  HFP  is  higher  than  M30.  Using  the  smooth  curves  drawn  through 
the  mass  losses  at  each  rupture  pressure,  one  would  expect  from  Figure 
16  that  HFP  is  more  erosive  than  M30. 

Another  view  of  the  data  in  Table  IV  is  provided  in  Figures  10-13 
in  which  mass  loss/shot  is  plotted  against  adiabatic  flame  temperature 
at  each  rupture  pressure.  One  sees  the  propellant  erosivity  increasing 
exponentially  with  flame  temperature. 
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Figure  6.  Mass  Loss  Rupture  Pressure  for  ^  Propellant. 
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Figure  7.  Mass  Loss  Rupture  Pressure  for  M5  Propellant. 
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Figure  8.  Mass  Loss  ^  Rupture  Pressure  for  Propellant. 
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ADIABATIC  FLAME  TEMPERATURE. 
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Figure  13.  Mass  Loss  vs  Adiabatic  Flame  Temperature  at  413  MPa  Rupture  Pressure. 


It  is  also  evident  that  the  double-base  propellants  are  more 
erosive  than  M30  or  the  nitramine  propellants  with  similar  flame  tem¬ 
peratures.  The  difference  between  the  double-base  propellant  data  and 
the  nitramine  propellant  data  is  charge  mass.  The  nitramine  propellant 
combustion  gases  have  smaller,  average  molecular  weights;  hence,  less 
charge  mass  is  needed  to  produce  a  given  gas  pressure. 

This  same  dependence  on  charge  mass  is  reflected  in  Thornhill's^^ 
semi-empirical  equation  for  estimating  the  maximum  rise  in  bore  surface 
temperature  at  the  origin  of  rifling 


T  -  300 

e  =  ^  , 

1.7  +  0.38d°‘^ 

where 

0  =  maximum  temperature  rise  at  the  bore  surface,  K, 
T^  =  adiabatic  flame  temperature,  K 

d  =  diameter,  in, 

C  =  charge  mass,  lb. 


(1) 


Subsequent  UK  investigators  then  found  that  the  wear/round,  w,  was 
related  to  0  by 


Cd)*^ 

17 

where  k  and  a  are  constants.  Frankie  and  Kruse  used  Equation  (2)  to 
fit  wear  data  for  US  guns  and  howitzers  and  thereby  devise  an  empirical 
expression  for  predicting  erosion  rates  of  US  cannon.  One  also  notes 
the  empirical  erosion  equation  predicts  that  erosion  increases  exponent 
ially  with  adiabatic  flame  temperature. 


IV.  CONCLUSION 

The  erosion  behavior  of  two  nitramine  propellants  with  flame 
temperatures  of  2949  and  3255K,  respectively,  has  been  shown  to  be 
consistent  with  conventional  Army  propellants. 


17.  J.M.  Frankie  and  L.R.  Kruse j  "A  Method  for  Estimating  the  Service 
Life  of  a  Gun  or  Hcwitser"j  BEL  Memorandum  Report  No.  1852^ 

June  1967.  (AD  #818348) 
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E.  Wurzel 

K.  Russell 
D.  Downs 
R.L.  Trask 

Dover,  New  Jersey  07801 


No.  of 

Copies  Organization 

1  Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN :  DRDAR-QA ,  J .  Rutkowski 
Dover,  New  Jersey  07801 

4  Commander 

US  Army  Armament  Research  & 
Development  Command 
Benet  Laboratory 
ATTN:  I.  Ahmad 

T.  Davidson 
J.  Zweig 
G.  Friar 

Watervliet,  NY  12189 

5  Commander 

US  Army  Armament  Research  & 
Development  Command 
Benet  Laboratory 
ATTN:  J-  Busuttll 
W,  Austin 
R.  Montgomery 

R.  Billington 
J.  Santini 

Watervliet,  NY  12189 

1  Project  Manager,  M60  Tanks 

US  Army  Tank  &  Automotive  Cmd 
28150  Dequindre  Road 
Warren,  MI  48090 

4  Project  Manager 

Cannon  Artillery  Weapons  Systems 
ATTN;  DRCPM-CAWS 
US  Army  Armament  Research  & 
Development  Command 
Dover,  New  Jersey  07801 

2  Project  Manager  M110E2 
ATTN :  J .  Turkeltaub 

S .  Smith 

Rock  Island,  IL  61299 
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No.  of 

Copies  Organization 

1  Project  Manager  -  XMl  Tank 
US  Army  Tank  Automotive 
Development  Command 
28150  Dequindre  Road 
Warren,  MI  48090 

1  Project  Manager  -  XMl 

Tank  Main  Armament  Dev  Div 
Dover,  New  Jersey  07801 

1  Project  Manager  -  ARGADS 
Dover,  New  Jersey  07801 

2  Director 

US  Army  Materials  &  Mechanics 
Research  Center 
ATTN:  J.W.  Johnson 
R.  Katz 

Watertown,  MA  02172 

1  Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range, 

New  Mexico  88002 

1  Commander 

US  Army  Air  Defense  Center 

ATTN:  ATSA-SM-L 

Ft.  Bliss,  TX  79916 

1  Commander 

US  Army  Armor  Center 
ATTN:  ATZK~XM1 
Ft.  Knox,  KY  40121 

1  President 

US  Army  Maintenance  Mgmt  Ctr 
Lexington,  KY  40507 

1  President 

US  Army  Armor  &  Engineer  Bd 
Ft.  Knox,  KY  40121 


No.  of 

Copies  Organization 

1  Commander 

US  Army  Field  Artillery  School 
ATTN:  J.  Porter 
Ft.  Sill,  OK  73503 

3  HDQA  (DAMA-ARZ,  DAMA-CSM, 
DAMA-WSW) 

Washington,  DC  20301 

2  Director 
US  Army  Research  Office 
ATTN:  P.' Parrish 

E.  Saibel  ■ 

P.O.  Box  12211 

Rsch  Triangle  Park,  NC  27709 
5  Commander 

US  Naval  Surface  Wpns  Center 
ATTN:  M.  Shamblen 
J.  O’Brasky 
C.  Smith 
L.  Russell 
T.W.  Smith 

Dahlgren,  VA  22448 

2  Commander 

US  Naval  Ordnance  Station 
ATTN :  L .  Dickinson 
S.  Mitchell 

Indian  Head,  MD  20640 

1  Commander 

US  Naval  Ordnance  Station, 
Louisville 
ATTN:  F.  Blume 
Louisville,  KY  40202 

2  AFATL  (D.  Uhrig,  0.  Heiney) 
Eglin  AFB,  FL  32542 

1  National  Bureau  of  Standards 
Materials  Division 
ATTN:  A.  W.  Ruff 
Washington,  DC  20234 
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1  National  Science  Foundation 
Materials  Division 
Washington,  DC  20550 

1  Battelle  Columbus  Laboratory 
ATTN:  G.  Wolken 
Columbus,  OH  43201 

1  Lawrence  Livermore  Laboratory 
ATTN :  J .  Kury 
Livermore,  CA  94550 

2  Calspan  Corporation 
ATTN:  G.  Sterbutzel 

F.  Vassallo 
P.O.  Box  235 
Buffalo,  NY  14221 

1  Director 
Chemical  Propulsion  Info  Agency 
Johns  Hopkins  University 

ATTN:  T.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20810 

2  Princeton  University 
Forrestal  Campus  Library 
ATTN :  L .  Caveny 

Tech  Lib 
P.O.  Box  710 
Princeton,  NJ  08540 

1  Purdue  University 

School  of  Mechanical  Engineering 
ATTN:  J.R.  Osborn 
W.  Lafayette,  IN  47909 


No.  of 

Copies  Organization 

1  SRI  International 

Materials  Research  Center 
Menlo  Park,  CA  94025 

1  University  of  Illinois 
Dept  of  Aeronautics  and 
Aerospace  Engineering 
ATTN:  H.  Krier 
Urbana,  IL  61803 

Aberdeen  Proving  Ground 

Dir,  US AMID 

ATTN:  H.  Graves,  Bldg.  400 

C.  Lavery,  Bldg.  400 
L.  Barnhardt,  Bldg.  400 
K.  Jones,  Bldg.  400 
R.  Moody,  Bldg.  525 

Cdr,  USATECOM 
ATTN:  DRSTE-FA 
DRSTE-AR 
DRSTE-AD 
DRSTE-TO-F 

Dir,  USAMSAA 

ATTN:  Dr.  J.  Sperrazza 

D.  Barnhardt,  RAM  Div 
G.  Alexander,  RAM  Div 
Air  Warfare  Div 
Ground  Warfare  Div 
RAM  Division 
DRXSY-MP,  H.  Cohen 

Dir,  Wpns  Sys  Concepts  Team, 
Bldg.  E3516,  EA 
ATTN :  DRDAR-ACW 
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